A L-fucose-containing arabinogalactan-protein that strongly inhibited hemagglutination by eel anti-H agglutinin of human O erythrocytes was purified from hot phosphate-buffered saline extracts of mature leaves of rape, Brassica campestris. The purified glycoconjugate consisted of 90% of the polysaccharide moiety comprising L-fucose, L-arabinose, D-galactose, 4-0-methyl-Dglucuronic acid, and D-glucuronic acid, and 4% of the hydroxyproline-rich protein portion. Upon methylation, periodate oxidation, and enzymatic degradation, we found that consecutive p-(\ ->3)linked D-galactopyranosyl residues constituted a backbone chain of the polysaccharide moiety, to which the side chains of^-(l ->6)-linked D-galactopyranosyl residues were attached through O-6. Most of L-arabinofuranosyl residues were linked as single units through O-3 to the side chains while a small quantity of the sugar was present as (1 -»2)-, (1 ->3>, or (1 -+5)-linked inter-chain residues. Single residues of a-L-fucopyranose, apparently attached to (l ->2)-linked L-arabinofuranosyl residues, reacted with eel anti-H precipitin and Aleuria aurantia L-fucose-specific lectin, and were assumed to be crucial in the expression of the H-like activity. The uronosyl residues were also located at the non-reducing terminal ends. Reductive alkaline degradation of the arabinogalactanprotein provided indications that the polysaccharide chains were mainly conjugated through serine-O-glycosidic linkages to the polypeptide core. In an immunoprecipitation test, the rape leaf arabinogalactan-protein cross-reacted with antisera raised against radish leaf arabinogalactanprotein, indicating that these' cruciferous arabinogalactan-proteins share common immunodeterminant(s) in their molecules. The occurrence of blood group H-active substances in the plant kingdom has first been reported by Springer et aL, who found the serological activity in complex polysaccharides isolated from aqueous extracts of twigs of Taxus cuspidata and Sassafras albidum, and demonstrated that 2-O-methyl-L-fucose and 3-(9-methyl-D-galactose acted as the immunodeterminants, respectively.1'2) In our previous work on H-like substances in leaf tissues of cruciferous plants, we have characterized several L-fucose-containing arabinogalactanproteins (AGPs) that strongly inhibit on the agglutination of human O erythrocytes with eel anti-H agglutinin.3) Subsequent structural investigations of radish leaf AGPsprovided evidence that their polysaccharide moieties could be regarded as a typical arabino-3,6galactan having a-L-fucopyranosyl-( l ->2)-a-Larabinofuranosyl-(l -», as a possible immunodeterminants group for their H-like activity.4'5* This paper is concerned with structural features and serological properties of a rape leaf AGPin comparison with those of radish leaf AGPs. EXPERIMENTAL Materials. AnAGPwith H-like activity was isolated from hot phosphate-buffered saline (PBS, 0.0145 m phosphate buffer, pH 7.2, containing 0.13 m NaCl) extracts of mature leaves of the rape, Brassica campestris L. subsp.
A L-fucose-containing arabinogalactan-protein that strongly inhibited hemagglutination by eel anti-H agglutinin of human O erythrocytes was purified from hot phosphate-buffered saline extracts of mature leaves of rape, Brassica campestris. The purified glycoconjugate consisted of 90% of the polysaccharide moiety comprising L-fucose, L-arabinose, D-galactose, 4-0-methyl-Dglucuronic acid, and D-glucuronic acid, and 4% of the hydroxyproline-rich protein portion. Upon methylation, periodate oxidation, and enzymatic degradation, we found that consecutive p-(\ ->3)linked D-galactopyranosyl residues constituted a backbone chain of the polysaccharide moiety, to which the side chains of^-(l ->6)-linked D-galactopyranosyl residues were attached through O-6. Most of L-arabinofuranosyl residues were linked as single units through O-3 to the side chains while a small quantity of the sugar was present as (1 -»2)-, (1 ->3>, or (1 -+5)-linked inter-chain residues. Single residues of a-L-fucopyranose, apparently attached to (l ->2)-linked L-arabinofuranosyl residues, reacted with eel anti-H precipitin and Aleuria aurantia L-fucose-specific lectin, and were assumed to be crucial in the expression of the H-like activity. The uronosyl residues were also located at the non-reducing terminal ends. Reductive alkaline degradation of the arabinogalactanprotein provided indications that the polysaccharide chains were mainly conjugated through serine-O-glycosidic linkages to the polypeptide core. In an immunoprecipitation test, the rape leaf arabinogalactan-protein cross-reacted with antisera raised against radish leaf arabinogalactanprotein, indicating that these' cruciferous arabinogalactan-proteins share common immunodeterminant(s) in their molecules. and centrifugation, the hydrolyzates were deionized with a short column ofDowex 50W (H+) and analyzed by PC or GLC.
Methylation analysis. Sampleså (1~5mg) of the rape AGPand its modified or degraded products were methylated in dimethylsulfoxide (2 ml) with methylsulfinyl anion and methyl iodide.8) The methylated polysaccharides were suspended in 72% H2SO4 (0.1 ml), left for 1 hr at 4°C, then diluted with water (0.8 ml), and hydrolyzed by heating for Carboxyl-reduction. The carboxyl groups of uronic acid residues in the AGP (10mg) were reduced by the method of Taylor and Conrad,10) involving reaction with 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide and then reduction with NaBH4. Smith degradation of the AGPresulted in a nearly complete elimination of the sugar residues located at primary and secondary side chains of the polysaccharide moiety, giving rise to a polymer and low-molecular-weight degradation products. The polymer apparently representing a core structure of the rape AGP had [afe0-27°(c=0.5, water) and gave a single peak corresponding to an approximate molecular weight of 30,000, as estimated by gel permeation chromatography on a Sepharose CL-6B column. As regards its monosaccharide composition, D-galactose was predominant with a small quantity of L-arabinose (molar percent, 93 : 7). Data in Table I ( action. An elution profile of the products by gel permeation chromatography showed a large reduction in the molecular weight of the native AGPand its conversion to a' polydisperse form, possibly as a result of cleavage in alkali-labile carbohydrate-protein linkages. In Table II are summarized the results of amino acid analysis that showed a decrease in serine content with an increase in conversion to alanine as a reduced /?-elimination product of serine, although their stoichiometric recovery could not be obtained.
Thus, this finding suggested that the polysaccharide chains of rape leaf AGPare linked through O-glycosidic linkage to serine residues in the polypeptide portion.
In a double diffusion test, rape leaft AGP reacted with eel anti-H precipitin to form a single precipitin line that fused completely with those of L-fucose-containing AGPs, purified from the leaves of radish or turnip.3) This indicates that these cruciferous AGPs share a commonserologically active structure involving L-fucosyl residues. Of the chemically and enzymatically modified AGPs tested, the carboxyl-reduced and a-L-arabinofuranosidase-treated rape leaf AGP maintained the serological response, apparently due to the presence of intact L-fucosyl residues. Hence, the Smith degradation product lacking L-fucose residues failed to form any precipitin line in response to eel anti-H precipitin and lost the H-like activity as shown in Fig. 1A and Table III , respectively. These serological results agree with the conclusion that the lfucosyl residues in radish leaf AGPs are essential to the expression of the H-like activity.5) Further, the formation of sharp precipitin lines in an agar plate and the inhibition of human O erythrocyte hemagglutination were observed with a rape leaf AGP and its modified products in a reaction with an A. auratia L-fucosespecific lectin as shown in Fig. IB and Table  III . This observation strongly supports the hypothesis that the L-fucosyl residues are at the non-reducing terminal end, where they are sufficiently exposed to bind the lectin. In contrast to H-active substances of animal origin, a rape leaf AGP, like radish leaf AGPs, was unreactive with chicken anti-H serum or anti-H lectin from Ulex europeus seeds.3) It is likely that the anti-H antibodies and lectin are highly specific for the terminal L-fucosyl residues as well as the penultimate D-galactosyl residue in mammalianH-active substances, and the ability to discriminate a-L-arabinofuranosyl residue. In an immunoprecipitation test with rabbit antiserum raised from the immunization of radish leafAGPs, the rape AGPhad the same immunological response as that of other cruciferous leaf AGPs, yielding a precipitin line fused with the others. The immunological properties of rape leaf AGP toward the antiserum were not affected by chemical and enzymatic modifications as far as examined on an agar plate (Fig. 1C) . With the Smith degradation products, a significant difference was found in the immunological response between rape and radish AGPs,5) probably due to the distinct sugar sequences surviving the Smith degradation at the peripheral regions of their polysaccharide chains, since they were similar in chemical composition. Structural studies on rape leaf AGPprovided evidence that a major part of the carbohydrate moiety was built up with a core of continuous /?-(l -^-linked D-galactosyl residues substituted at O-6 by side chains of /?-(l->6)-linked D-galactosyl residues. a-L-Arabinofuranosyl residues were present as single or (l->2)-, (1-+3)-, and (l->5)-linked units and attached through O-3 to the side chains. Single units of a-L-fucopyranosyl and glucuronosyl residues were also located at non-reducing terminal ends. Anomeric configurations of the glycosidic linkages were assigned by the susceptibility to specific glycosidases and serological responses. Interestingly, unlike the presence of two AGPcomponents in radish leaves, only one AGPcomponent was isolated from rape leaf tissues but these AGPs were similar structurally and serologically.
Two arabinogalactans (AGs) have been isolated from seeds of Brassica species.14~16) An AGfrom B. campestris seeds was apparently distinguished from the AGP of leaf tissues although it was a typical arabino- 
